Metformin inhibits growth of eutopic stromal cells from adenomyotic endometrium via AMPK activation and subsequent inhibition of AKT phosphorylation: a possible role in the treatment of adenomyosis.
Adenomyosis is a finding that is associated with dysmenorrhea and heavy menstrual bleeding, associated with PI3K/AKT signaling overactivity. To investigate the effect of metformin on the growth of eutopic endometrial stromal cells (ESCs) from patients with adenomyosis and to explore the involvement of AMP-activated protein kinase (AMPK) and PI3K/AKT pathways. Primary cultures of human ESCs were derived from normal endometrium (normal endometrial stromal cells (N-ESCs)) and adenomyotic eutopic endometrium (adenomyotic endometrial stroma cells (A-ESCs)). Expression of AMPK was determined using immunocytochemistry and western blot analysis. 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide assays were used to determine the effects of metformin and compound C on ESCs and also to detect growth and proliferation of ESCs. AMPK and PI3K/AKT signaling was determined by western blotting. A-ECSs exhibited greater AMPK expression than N-ESCs. Metformin inhibited proliferation of ESCs in a concentration-dependent manner. The IC50 was 2.45 mmol/l for A-ESCs and 7.87 mmol/l for N-ESCs. Metformin increased AMPK activation levels (p-AMPK/AMPK) by 2.0±0.3-fold in A-ESCs, 2.3-fold in A-ESCs from the secretory phase, and 1.6-fold in the proliferation phase. The average reduction ratio of 17β-estradiol on A-ESCs was 2.1±0.8-fold in proliferative phase and 2.5±0.5-fold in secretory phase relative to the equivalent groups not treated with 17β-estradiol. The inhibitory effects of metformin on AKT activation (p-AKT/AKT) were more pronounced in A-ESCs from the secretory phase (3.2-fold inhibition vs control) than in those from the proliferation phase (2.3-fold inhibition vs control). Compound C, a selective AMPK inhibitor, abolished the effects of metformin on cell growth and PI3K/AKT signaling. Metformin inhibits cell growth via AMPK activation and subsequent inhibition of PI3K/AKT signaling in A-ESCs, particularly during the secretory phase, suggesting a greater effect of metformin on A-ESCs from secretory phase.